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The anxiety-reducing properties of alcohol are thought to contribute to development of 
alcohol dependence, particularly among individuals with anxiety disorders. Remarkably 
little is known, however, about the neural circuitry underlying anxiolytic effects of 
alcohol in humans. In a sample of 72 healthy adults, we employed the novel MultiThreat 
Countdown (MTC) task to investigate the dose-dependent consequences of acute alcohol 
intoxication (BAL range: 0.061 - 0.145%) during anticipation of certain or uncertain 
threat, compared to placebo. Focal analyses of the central extended amygdala revealed 
significant activation during threat in the right, but not left, hemisphere for both the 
central nucleus [Ce] and bed nucleus of the stria terminalis [BST]. Increasing BALs were 
associated with decreasing activation in right BST and self-reported fear/anxiety levels 
during threat. This effect did not differ between certain and uncertain threat. These results 
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Chapter 1: Introduction 
Alcohol misuse and abuse are a blight on both personal and public health. 
Alcohol misuse is common, costly, and debilitating, leading to a number of deleterious 
outcomes. Around the world, Alcohol Use Disorders (AUDs) are the fifth leading cause 
of years lost to disability; are the leading preventable cause of premature death for 
people aged 15 to 49; and contribute to the development of more than 200 other 
diseases and injury-related conditions (K. Smith, 2014). In the U.S. alone, AUDs cost 
roughly $250B annually ("Excessive Drinking is Draining the U.S. Economy," 2016). 
In short, alcohol abuse imposes a profound burden on public health and the global 
economy, underscoring the need to develop a better understanding of the underlying 
neurobiological mechanisms.  
Although the transition from alcohol use to dependence is complex and involves 
alterations in multiple cognitive, emotional, and motivational mechanisms, a 
disproportionate amount of pre-clinical research has focused on alcohol’s positive 
reinforcing effects. Yet, there is ample evidence that alcohol’s negative reinforcing 
effects (e.g., anxiolytic and stress-dampening; relief from withdrawal-induced 
dysphoria) contribute to the onset, maintenance, and recurrence of problematic drinking 
behaviors (Cooper, 1994; Mann, Chassin, & Sher, 1987; Moberg & Curtin, 2012; 
Schroder & Perrine, 2007), and are particularly appreciated (‘liquid courage’) among 
individuals seeking to alleviate an anxious temperament or mood disorder (Gilpin & 
Koob, 2008; Schmidt, Buckner, & Keough, 2007; P. Zimmerman et al., 2003). Not 
surprisingly, high rates of alcohol abuse or dependence have been consistently observed 




J. P. Smith & Randall, 2012). Yet remarkably little is known about the neural circuitry 
underlying the anxiolytic effects of alcohol in humans or other primates. Here, we used 
functional magnetic resonance imaging and a novel threat task to clarify the relevance 
of the central extended amygdala (i.e. anxiety-related brain regions) to the stress-
dampening effects of mild-to-moderate levels of alcohol intoxication. Addressing this 
question is essential for determining the translational relevance of addiction models 
derived from mechanistic work in rodents and would inform the development of brain-
based treatment strategies (Koob, 2010). 
Impact of Alcohol on Signs of Fear and Anxiety in Humans 
Recent psychophysiological research suggests that the emotional consequences 
of alcohol are robust and highly specific in humans (Figure 1). Across several studies, 
collectively incorporating several hundreds of participants, Curtin and colleagues have 
demonstrated that sub-sedative doses of alcohol disproportionately reduce fear and 
anxiety elicited by uncertain threat-of-shock in a dose-dependent manner. Moberg and 
Curtin (2009) first demonstrated that moderate doses of alcohol (target Blood Alcohol 
Level [BAL] = 0.08%) significantly reduce startle potentiation during the anticipation 
of uncertain, but not certain, shock delivery—a manipulation that encompasses 
uncertainty about whether and when the aversive reinforcement will occur. Consistent 
effects have since been reported in paradigms where uncertainty was established via 
manipulation of the timing (Hefner, Moberg, Hachiya, & Curtin, 2013), probability 
(Hefner & Curtin, 2012), intensity (Bradford, Shapiro, & Curtin, 2013), or somatic 
location (Kaye, Bradford, Magruder, & Curtin, 2017) of the shock. This selectivity has 




& Curtin, 2009)  and true no-alcohol control groups (Hefner et al., 2013). Furthermore, 
the anxiolytic effects of acute alcohol administration are linear across a broad range of 
doses (0.06 – 0.14%)—for both startle and subjective ratings of distress—in the absence 
of gross impairments in cognitive or motor function (Bradford et al., 2013; Kaye et al., 
2017). 
Neurobiology of Alcohol-Induced Anxiolysis 
At these physiologically relevant concentrations (i.e. noticeable intoxication), 
alcohol is thought to impact neural transmission primarily by way of allosteric 
modulation or direct interaction with cell-surface receptors for acetylcholine (ACh), N-
methyl-d-aspartate (NMDA), and gamma-aminobutyric acid (GABA-A) to alter ion 
transport across the cell membrane (Fadda & Rossetti, 1998). More recent studies have 
also identified a subtype of extrasynaptic GABA-A receptor that gives rise to tonic 
GABAergic inhibition as an important molecular target for alcohol, especially at such 
alcohol concentrations typically achieved during social alcohol ingestion (Paul, 2006). 
Thus, while the impact of alcohol on the central nervous system is certainly complex, its 
notable behavioral and emotional effects have primarily been attributed to its role as a 
GABA-A receptor agonist. This is further supported by studies which show that acute 
administration of benzodiazepines—a class of drugs which specifically increase 
GABA-A signaling efficiency and which are clinically effective at reducing anxiety—
also selectively reduce startle potentiation during the anticipation of uncertain threat in 
the laboratory (Baas et al., 2002; Grillon, Baas, Pine, et al., 2006). 
 Mechanistic work in rodents (Breese et al., 2006; Koob, 2004, 2008; Kumar et 




transmission in the central extended amygdala—including the central nucleus of the 
amygdala (Ce) and bed nucleus of stria terminalis (BST1). The Ce and the BST are both 
well-positioned to orchestrate key features of fear and anxiety via dense projections to 
downstream effector regions (Davis, Walker, Miles, & Grillon, 2010; Shackman & Fox, 
2016; Tovote, Fadok, & Luthi, 2015) (Figure 2). Moreover, these regions are marked 
by dense expression of GABA-A receptors (Sun & Cassell, 1993) and are sensitive to 
alcohol administration (Leriche, Méndez, Zimmer, & Bérod, 2008). Roberto, Madamba, 
Moore, Tallent, and Siggins (2003), for example, demonstrated that a single low dose of 
ethanol significantly increased GABA-A transmission at both pre- and post-synaptic 
sites in the Ce. Other work suggests that the acute anxiolytic effects of alcohol emerge 
from transient upregulation of GABAergic transmission in the Ce via interaction with 
endogenous corticotropin releasing factor (CRF) signaling (Silberman & Winder, 
2015). In particular, work in rodents indicates that ethanol increases GABAergic 
transmission in CRF1-expressing neurons in the Ce, and that these Ce CRF1 neurons 
project into the BST (Herman et al., 2013).  Furthermore, perturbations of the Ce-BST 
CRF signaling pathway—via acute administration of CRF1 antagonists or optogenetic 
silencing—disrupt startle responses to diffuse, uncertain threat (i.e., an aversively 
conditioned context) but not to acute threat (Asok, Schulkin, & Rosen, 2017; Walker et 
al., 2009). A crucial limitation to these rodent studies, however, is that the subjective 
emotional experience of the anxiolytic effects of alcohol, and thus the underlying neural 
mechanisms of these subjective symptoms, are impossible to assess (LeDoux, 2015). 
                                                 
1 Consistent with widely used rat, monkey, and human brain atlases—(Mai, Majtanik, & Paxinos, 2015; 
Paxinos, Huang, Petrides, & Toga, 2009; Paxinos & Watson, 2014)—including that recently developed 
by the Allen Brain Institute (http://www.brain-map.org)—we use the acronym ‘BST’ (rather than 




At present, the relevance of the central extended amygdala to the stress-
dampening effects of alcohol in humans remains little explored and poorly understood. 
To date, human imaging studies have focused on emotional face paradigms, showing 
that acute alcohol administration reduces amygdala reactivity to threat-related 
expressions (Bjork & Gilman, 2014; Sripada, Angstadt, McNamara, King, & Phan, 
2011).  This may reflect alterations in GABAergic transmission, given evidence that 
benzodiazepine administration produces a dose-dependent reduction in amygdala 
reactivity to emotional faces (Paulus, Feinstein, Castillo, Simmons, and Stein (2005). 
Although these insights are important, the mere presentation of still photographs of 
threat-related faces is not sufficient to elicit fear and anxiety (Shackman et al., 2016; 
Shackman et al., 2006). Thus, the relevance of the extended amygdala to alcohol-
induced anxiolysis in humans or the selectivity of such effects to uncertain threat is 
unknown. Addressing these questions is important and promises to inform our 













Chapter 2: Present Study 
Overview of Approach 
Here, we used multiband fMRI and a novel ‘MultiThreat Countdown’ (MTC) 
task to determine the dose-dependent consequences of acute alcohol intoxication during 
the anticipation of certain or uncertain threat in the Ce and BST. Healthy young adults 
were randomly assigned to receive low to moderate doses of alcohol (BAL 0.06 - 
0.14%) or placebo beverages (single blind) in a single-session, between-subjects design. 
Building on prior psychophysiological and imaging research (Kaye et al., 2017; 
Somerville et al., 2013), the MTC task took the form of a 2 (Valence: Safe, Threat) × 2 
(Certainty: Certain, Uncertain) design embodied in a rapid, fully randomized event-
related trial structure (Figure 3). Subjects anticipated the delivery of neutral or aversive 
stimuli (‘count-down’ period), where the timing of delivery was either certain or 
uncertain. To maximize fear and anxiety, on Threat trials, the anticipatory period 
terminated with the delivery of shock, an unpleasant image (e.g., mutilated body), and a 
thematically related auditory cue (e.g., gunshot and scream). The MTC task has a 
number of advantages over alternative designs (e.g., enhanced matching of signal 
variance and perceptual inputs; cf. Shackman & Fox, 2016; Hefner et al., 2013). BAL 
was estimated immediately before and after scanning using a breath assay. During the 
MTC task, subjective ratings of anxiety/fear were acquired on-line for each condition 







Our approach afforded the opportunity to test several key predictions. 
Prediction 1: Based on prior psychophysiological research (Bradford et al., 2013; 
Grillon, Baas, Cornwell, & Johnson, 2006), we predicted that alcohol will 
disproportionately reduce distress elicited by Uncertain relative to Certain Threat (i.e., 
Certainty × Valence × Alcohol interaction) 
Prediction 2: We tested several competing predictions about the consequences of 
Threat for activation in the Ce and BST. Among researchers focused on humans, it is 
widely believed that the Ce and BST are functionally dissociable (Shackman & Fox, 
2016; Shackman et al., 2016). Inspired by an earlier generation of mechanistic work in 
rodents (Davis, 2006), this model suggests that the Ce triggers transient defensive 
responses to certain threat (e.g., Pavlovian threat cues), whereas the BST orchestrates 
defensive responses during sustained exposure to dangers that are uncertain, 
psychologically diffuse, or temporally remote (e.g., open-field, elevated plus-maze, 
Pavlovian threat contexts) 2. Several human imaging studies have reported evidence 
consistent with this hypothesis (Alvarez, Chen, Bodurka, Kaplan, & Grillon, 2011; 
Brinkmann et al., 2017; Herrmann et al., 2016; McMenamin, Langeslag, Sirbu, 
Padmala, & Pessoa, 2014; Somerville et al., 2013). This work motivates the hypothesis 
that the Ce will be more responsive to Certain Threat, whereas the BST will be more 
                                                 
2 This hypothesis has been adopted by numerous investigators and theorists (Avery, Clauss, & Blackford, 
2016; Grupe & Nitschke, 2013; Lebow & Chen, in press; LeDoux, 2015) and enshrined in the National 
Institute of Mental Health (NIMH) Research Domain Criteria (RDoC) as Acute Threat and Potential 







responsive to Uncertain Threat, manifesting as a Valence × Certainty × Region 
interaction. 
On the other hand, converging evidence from studies of rodents, monkeys, and 
humans suggests that the Ce and BST are similarly involved in orchestrating responses 
to a wide range of threats (Gungor & Paré, 2016; Shackman & Fox, 2016). Mechanistic 
work in rodents suggests that both regions play a critical role in assembling defensive 
responses to diffuse threatening contexts (Botta et al., 2015; Duvarci, Bauer, & Paré, 
2009; Jennings et al., 2013; Kim et al., 2013; Moreira, Masson, Carvalho, & Brandao, 
2007; J. M. Zimmerman & Maren, 2011; J. M. Zimmerman, Rabinak, McLachlan, & 
Maren, 2007) and, although it remains underappreciated, Davis and colleagues 
reformulated their model nearly a decade ago to suggest that the Ce responds to both 
certain/cued and uncertain/contextual threats, whereas the BST selectively responds to 
uncertain/contextual threat (Davis et al., 2010). Consistent with this possibility, human 
imaging studies have observed elevated activation in the dorsal amygdala during the 
anticipation of uncertain threat (Andreatta et al., 2015; Lieberman, Gorka, Shankman, & 
Phan, 2017; Williams et al., 2015). Other work has revealed phasic responses in the 
BST to brief (4-s) cues signaling the certain delivery of noxious shock (Klumpers et al., 
2015), consistent with evidence from recording studies in rodents (Gungor & Paré, 
2016). On balance, this body of evidence suggests the Ce and BST are more alike than 
different, motivating the hypothesis that both regions will be similarly responsive. 
Prediction 3: Given evidence that alcohol and benzodiazepine administration 
disproportionately dampens psychophysiological signs of anxiety during Uncertain 




al., 2017), we predict that alcohol will disproportionately dampen the blood oxygen 
level-dependent (BOLD) response in regions sensitive to Uncertain Threat. As with 
Prediction 2, we entertained competing predictions about the regional consequences of 
these effects. If the central extended amygdala is indeed strictly segregated (Davis, 
2006), with selective engagement of the BST by Uncertain Threat, we expect a 
regionally specific dose-dependent reduction in activation (i.e., Valence × Certainty × 
Region × BAL). On the other hand, if the Ce and BST both play a role in responding to 
Uncertain Threat (Shackman & Fox, 2016; Davis et al. 2010; Gungor & Paré, 2016), 
then we expect reduced activation across the extended amygdala during threat 
















Chapter 3: Methods 
Participants 
Participants included 87 adults between the ages of 21 and 35 years recruited 
from the local community. All had experience with the highest study dose of alcohol 
used in the present study (~4-5 standard drinks) within the past 12 months, and self-
reported the absence of alcohol-related problems, current psychiatric diagnosis or 
treatment, and a medical condition that would contraindicate alcohol consumption or 
MRI. Exclusion criteria also included a self-reported history of neurological symptoms. 
Fifteen participants were excluded from analyses due to excessive drowsiness (N=5), 
incidental neurological findings (N=3), difficulty complying with task instructions 
(N=4), technical issues with the electrical stimulator (N=2), or generalized discomfort in 
the scanner (N=1). Thus, a total of 72 participants contributed data to one or more 
analyses (i.e., fMRI and/or Ratings; see Table 1 for characteristics of total sample). Of 
these, five participants were excluded from fMRI analyses due to unusable T1-weighted 
datasets (N=3), excessive motion artifact (N=1), or technical problems with the scanner 
(N=1), yielding a final imaging sample of 67 participants (33 females). For ratings 
analyses, eleven participants were excluded from analyses due to invariant ratings, 
yielding a final ratings sample of 61 participants (34 females). Demographic 
characteristics of the fMRI and Ratings samples can be found in the Appendix. 
Self-Report Measures 
Drinking habits (e.g. retrospective summary of quantity and frequency of 





Blood Alcohol Level (BAL) manipulation 
The BAL manipulation was adapted from techniques established and refined by 
Curtin and colleagues (Bradford et al., 2013; Hefner & Curtin, 2012). Participants were 
randomly assigned, within sex and race/ethnicity, to receive either alcohol or a placebo 
beverage. Doses within the Alcohol group were titrated to achieve a target BAL of 
0.08% or 0.12% with an expected variance of approximately ±0.02%. As shown in 
Figure 4, these procedures produced a continuous, unimodal distribution (M = .093%, 
SD = 0.02%, Range: 0.061% to 0.146%).  
Participants were instructed to abstain from alcohol and other drugs for at least 
24 hours and from all food for at least 3 hours prior to the imaging session. Regardless 
of group assignment, all participants were informed that they could receive a 
moderately impairing dose of alcohol. To verify initial sobriety, participants completed 
a standard breath assay at the start of the session (Alcosensor IV Breathalyzer; 
Intoximeters Inc., St. Louis, MO), and those with an estimated BAL > 0.00% were 
dismissed (N=1). Prior to scanning, participants assigned to the Alcohol group were 
given a titrated dose of alcohol using a well-established formula that accounts for 
individual differences in height, weight, age, and sex to produce a specified target BAL 
~30 minutes after the completion of beverage consumption (for additional details, 
please see Curtin & Fairchild, 2003). Doses within the Alcohol beverage group were 
titrated to achieve a target BAL of 0.08% or 0.12% with an anticipated variance of +/- 
0.02%. This produced a unimodal distribution of mean BAL (range: 0.061% - 0.145%). 
Alcoholic beverages contained a mixture of cranberry juice, Tang™, and 100-proof 




3 equal doses, evenly spaced over 30 minutes. Participants in the Placebo group 
received a similar beverage, with an equivalent volume of distilled water replacing the 
vodka. The placebo manipulation3 was reinforced by floating 3 ml of Peychaud’s bitters 
and 3 ml of vodka on the surface of the beverage and delivering a minute amount of 
aerosolized vodka to the rim of the beverage containers. All beverages were prepared in 
a separate room, out of the subject’s view. Immediately following consumption of the 
third beverage, BAL was assessed and subjects were scanned (latency from pre-MRI 
breath assay to the first functional task EPI scan: M = 33.5 min, SD = 8.5 min). BAL 
was re-assessed immediately following the final scan (inter-assessment period: M = 
70.9 min, SD = 8.0 min). Hypothesis testing employed the mean BAL across the pre- 
and post-scanning assays. Subjects who consumed alcohol were required to remain at 
the imaging center until their estimated BAL was <0.03%. 
Scanning and muscle stimulation procedures 
Prior to beverage consumption, participants were informed of the four condition 
types (Certain vs Uncertain Threat, and Certain vs Uncertain Safe; Figure 3), but 
received no specific information about the duration of the anticipatory (‘count-down’) 
period for Uncertain trials. Visual stimuli were presented using Presentation software 
(Neurobehavioral Systems) and viewed on a projection screen in the MRI scanner using 
a mirror mounted to the head coil. On the left hand, MRI-compatible electrodes were 
affixed to the fourth and fifth phalanges for electric muscle stimulation delivery 
(Coulbourn Instruments; duration = 500 ms) during scanning. Shock intensity was 
                                                 
3 The placebo manipulation proved effective. At the end of the session, subjects randomly assigned to the 
Placebo group reported consuming an average of 2.2 standard drinks (SD = 1.2, Range = 0–5 drinks) 
prior to debriefing, significantly greater than zero (t(22) = 9.0, p < 0.001). Participants in the Alcohol 




calibrated for each participant immediately before functional imaging by asking them to 
select a stimulation level that was the “most unpleasant you are willing to tolerate for 
the purposes of the experiment.” Fear/anxiety ratings were collected on-line using an 
MRI-compatible response device. 
MTC Task 
Building on mechanistic work in rodents (Davis et al., 2010) and 
psychophysiological and imaging research in humans (Hefner et al., 2013; Somerville et 
al., 2013), the MTC task took the form of a 2 (Valence: Safe, Threat) × 2 (Certainty: 
Certain, Uncertain) design embodied in a rapid, fully randomized event-related trial 
structure (Figure 3). On each trial, subjects anticipated the delivery of neutral or 
threatening stimuli (‘count-down’ period), where the timing of delivery was either 
certain or uncertain. On Certain trials, the number of seconds remaining in the 
anticipatory period was continuously and reliably signaled by a visual train of integers 
presented in sequential order (i.e., 18, 17, 16…3, 2, 1). On Uncertain trials, the duration 
of the anticipatory period was highly (Range: 8 – 30 s, M = 18 s) and the integers were 
presented in a pseudo-randomized order. On both Certain and Uncertain trials, the 
valence of the upcoming reinforcer was unambiguously signaled throughout the 
anticipatory period by the background color of the display (Threat = red, Safe = blue). 
To maximize threat intensity and subject engagement, stimulus-unique combinations of 
noxious shock, aversive images, and unpleasant sounds served as the aversive reinforcer 
(i.e., ‘MultiThreat’). Aversive images were selected from the International Affective 




The task consisted of 6 trials per condition, for a total of 24 trials, with an inter-
trial interval of 1 s. Trials were presented in a pseudo-random order. Time series 
simulations were used to minimize collinearity (estimated VIFs = 1.10 – 1.67). 
Participants were also prompted to provide on-line ratings of subjective fear/anxiety 
level. Four prompts were delivered, one for each trial type. Ratings were made on a 1 
(least) to 4 (most) scale and were referenced to anticipatory period of the prior trial. 
Data for the MTC task were collected prior to a larger battery of imaging tasks. 
MRI Data Acquisition 
Imaging data were collected on a 3T Siemens TIM Trio scanner equipped with a 
32-channel head coil. Sagittal T1 weighted anatomical images were acquired using a 
magnetization-prepared, rapid-acquisition, gradient-echo sequence (TR = 1900 ms; TE 
= 2.32 ms; inversion time = 900 ms; flip angle = 9°; sagittal slice thickness = 0.9 mm; 
voxel size in plane = 0.449 × 0.449mm; matrix = 512 × 512; field of view = 230 × 
230). To enable fieldmap distortion correction, a pair of oblique-axial co-planar spin 
echo images with opposing phase encoding direction were acquired (TR = 7220 ms; TE 
= 73 ms; slice thickness = 2.2 mm; matrix = 96 × 96). A total of 568 oblique-axial EPI 
volumes were collected during the MTC task scan (multiband acceleration = 6; TR = 
1000 ms; TE = 39.4 ms; flip angle = 90°; slice thickness = 2.2 mm, number of slices = 
60; voxel size in-plane = 2.1875 x 2.1875 mm; matrix = 96 ×  96). Images were 
collected in the oblique axial plane (approximately -20°relative to the ACPC plane) to 






MRI Data Preprocessing 
The first 3 volumes of each EPI functional task scan were removed to allow for 
equilibrium, and the remaining volumes were de-spiked and slice-time corrected using 
AFNI (Cox, 1996). T1 images were inhomogeneity-corrected with N4 (Tustison et al., 
2010) and diffeomorphically normalized to the 1-mm MNI152 template using ANTS 
(Avants et al., 2011). The N4 image was skull-stripped and segmented in FSL (S. M. 
Smith et al., 2004). The first remaining volume of the EPI images was then co-
registered to the anatomical T1 weighted images using the boundary-based registration 
approach (with fieldmap correction) implemented in FSL (Greve & Fischl, 2009). The 
EPI to T1 transform was converted to ITK format (Insight Segmentation and 
Registration Toolkit; Yoo et al., 2002) for use with ANTS. To minimize spatial 
blurring, the transformation matrices for affine motion correction, co-registration, and 
spatial normalization to the MNI152 template were concatenated and applied to the EPI 
data in a single step. Normalized EPI data were resampled to 2-mm isotropic voxels 
using 5th-order splines and smoothed (6 mm FWHM). To attenuate physiological noise, 
white matter (WM) and cerebrospinal fluid (CSF) time-series were extracted from the 
spatially unsmoothed, normalized EPI data. WM and CSF compartments were 
identified using the probabilistic segmented images provided with the MNI152 
template. All datasets were visually inspected for quality assurance. To assess residual 
motion artifacts, the number of volumes with >0.5mm volume-to-volume displacement 
of a selected voxel in the anterior cingulate cortex [5, 34, 28] was calculated using the 
motion-corrected EPI data. Datasets where >5% of the volumes met this criterion were 




Ce and BST Regions of Interest (ROIs) 
Building on prior work by our group using similar methods (Birn et al., 2014; 
Nacewicz, Alexander, Kalin, & Davidson, 2014; Oler et al., 2012; Oler et al., 2017), the 
Ce was manually prescribed by a trained neuroanatomist (Dr. B. M. Nacewicz, 
Department of Psychiatry, University of Wisconsin—Madison; (cf. Nacewicz et al., 
2014) based on the atlas of Mai and colleagues (Mai, Paxinos, & Voss, 2007; Prevost, 
McCabe, Jessup, Bossaerts, & O'Doherty, 2011) using a specially processed high-
resolution (0.7-mm), multimodal (T1/T2) probabilistic template (Tyszka & Pauli, 2016) 
(Figure 5a) 4 . The BST ROI was implemented using a previously published 
probabilistic region of interest (Theiss, Ridgewell, McHugo, Heckers, & Blackford, 
2016) (Figure 5b). Both ROIs were decimated to the 2-mm MNI template. Decimation 
was performed using an iterative procedure that maintained a consistent seed volume 
across templates. Each seed was minimally smoothed using a Gaussian kernel and the 
voxel size was dilated by 0.1-mm and resliced (linear interpolation), enabling us to 
identify a threshold that matched the original seed volume as closely as possible. 
                                                 
4  The criteria used for manually prescribing the Ce seed represent an extension of our previously 
published protocol  (Nacewicz et al., 2006; for recent applications, see Chung et al., 2010; Dalton et al., 
2006; Hanson et al., 2012, 2015) and leverages the additional contrast afforded by the high-resolution, 
multimodal template. In contrast to other recent work (Birn et al., 2014; Oler et al., 2012; Tyszka & Pauli, 
2016), the Ce was manually prescribed in both the left and right hemispheres. The criteria were derived 
from the atlas of Mai and colleagues (2007) and hinged on identifying the lateral division of the Ce (CeL) 
at its first appearance caudally and including surrounding tissue up to the boundary with the ventral 
putamen (laterally and dorsally) and the more T1-intense basolateral nuclei (ventrally). Moving rostrally, 
a thin, notch-like band of white matter separates the dorsal portions of the basolateral and lateral nuclei 
from the Ce. The ventromedial tip of the white matter separating the Ce from the basolateral nuclei was 
then followed in a straight line to the lateral margin of the optic tract or the rhinal sulcus to form the 
ventromedial border. A major landmark is the disappearance of the head of the hippocampus, at which 
point the CeL can no longer be discerned. The Ce curves medially and ventrally during the progression 
from caudal to rostral slices, and in the sections rostral to the disappearance of the hippocampus, care was 
taken not to include the peri-amygdalar claustrum (lateral to the Ce). In the middle and rostral slices, 
portions of the boundary between the Ce and medial nuclei was not evident in the T1 and T2 templates. 
In these cases, the visible portions of the boundary were extrapolated using straight lines. Preliminary 
traces were refined in all three cardinal planes. In the case of conflicting traces, the axial and coronal 




Chapter 4: Data Analysis 
Data reduction and first-level (single-subject) modeling 
First-level modeling was performed using SPM12 
(http://www.fil.ion.ucl.ac.uk/spm) and in-house MATLAB code. Using a duration-
modulated variable boxcar function convolved with a canonical hemodynamic response 
function (HRF), activation during the anticipatory (‘count-down’) period was separately 
modeled for the Certain-Threat (CT), Uncertain-Threat (UT), and Uncertain-Safe (US) 
conditions, with Certain-Safe (CS) serving as an implicit baseline. Aversive reinforcers, 
neutral reinforcers, and rating prompts were modeled using a similar approach. 
Nuisance variates included motion estimates and physiological noise (i.e., WM/CSF 
signals). Regression coefficients were extracted for each of the four trial types for each 
subject and averaged across voxels separately for the left and right Ce and BST ROIs.   
Hypothesis testing at the second-level (group analyses) 
Omnibus mixed-model general linear models were computed using SPSS 
(24.0.0.0). Analyses of ratings and imaging data were broadly similar and both 
incorporated Valence (Safe, Threat), Certainty (Certain, Uncertain), and individual 
differences in mean-centered average BAL. Analyses of imaging data also included 
Region (Ce, BST) and Hemisphere (Left, Right) as repeated-measures factors. 
Significant interactions were decomposed using focal tests of the mean differences or 
association with BAL. Figures were generated using RStudio (RStudio: Integrated 






Chapter 5: Results 
Acute alcohol intoxication reduces threat-elicited subjective fear/anxiety 
Participants (N = 61) retrospectively reported significantly greater fear/anxiety 
during the anticipatory period of Uncertain compared to Certain trials (F(1,59) = 15.78, 
p < .001) and during Threat compared to Safe trials (F(1,59) = 65.43, p < .001) (Table 
2 and Figure 6). The valence effect was significantly stronger on Certain compared to 
Uncertain trials (Valence × Certainty: F(1,59) = 3.96, p = .05). Higher blood alcohol 
levels were associated with a selective dampening of fear/anxiety during the 
anticipation of Threat trials (rThreat = -.28, p = .03; rSafe = -.03, p = .83; rThreat-Safe = -.23, p 
= .07; Valence × BAL: F(1,59) = 3.34, p = .07) (Figure 7). The anxiolytic effects of 
alcohol remained significant after controlling for a range of potential nuisance variates, 
including mean-centered age, sex, weekly alcohol consumption, or the latency between 
the time of alcohol consumption and the beginning of the first functional scan (ps = .02-
.05). In short, the MTC task reliably elicits feelings of fear and anxiety and higher levels 
of alcohol are associated with a dose-dependent reduction in this threat-elicited distress. 
Consistent with prior work (Grillon, Baas, Pine, et al., 2006), we failed to uncover 
evidence that alcohol-induced anxiolysis is selective to Uncertain Threat. No other 
effects were significant, ps > .055.  
 
                                                 
5 Skin conductance data were acquired throughout each scan, filtered, and averaged separately for each 
trial type. Across a range of data-processing approaches and outlier-rejection techniques, we consistently 
observed significant threat-induced elevations in arousal, indexed by skin conductance levels (SCL; ns = 
71-68; ps < .05). This dovetails with prior work employing threat-of-shock paradigms (e.g. McMenamin 
et al., 2014) and indicates that the MTC paradigm successfully elicited objective signs of fear and 
anxiety. Nevertheless, because the influence of Certainty and BAL was inconsistent across approaches, 




BOLD responses in Ce and BST are heightened by threat, and BST is dampened by 
alcohol 
An omnibus mixed-model GLM revealed greater activation, on average, during 
Threat compared to Safe trials (MSafe = -.019, SESafe = .012; MThreat = 0.022, SEThreat = 
.020; Valence: F(1,64) = 4.78, p = .03). The magnitude of this valence effect was 
stronger in the Ce compared to the BST (MCe =.065, SECe = .028; MBST = .018, SEBST = 
.014; Valence × Region: F(1,64) = 4.16, p = .05), and conditional on Hemisphere, 
Certainty, and BAL (Valence × Region × Hemisphere × BAL: F(1,64) = 8.05, p = .006; 
Valence × Certainty × Hemisphere: F(1,64) = 4.11, p = .05; other omnibus effects were 
not significant, ps > .05). To decompose this complexity, separate analyses were 
conducted for each Region6. 
Analyses focused on the Ce revealed significantly greater activation on Certain 
compared to Uncertain trials (MCertain = .020, SECertain = .018; MUncertain = -.026, 
SEUncertain = .028; Certainty: F(1,64) = 4.19, p = .05) and on Threat compared to Safe 
trials ((MThreat = .03, SEThreat = .031; MSafe = -.035, SESafe = .016; Valence: F(1,64) = 
5.45, p = .02) (Figure 8). Although the valance effect was qualified by a significant 
Valence × Hemisphere × BAL interaction (F(1,64) = 4.47, p = .04), focal analyses 
failed to uncover reliable associations with BAL in either hemisphere (Left Ce: rThreat-
Safe = -.14, p = .25; Right Ce: rThreat-Safe = .18, p = .15). No other omnibus effects were 
                                                 
6 Given recent interest in understanding the degree to which the Ce and BST are marked by dissociable 
functional profiles (e.g., Shackman & Fox, 2016; Gorka, Torrisi, Shackman et al., in press), we directly 
tested the degree to which the valence effect (i.e., Threat vs. Safe) differed across regions, when 
considering each hemisphere separately. For the right hemisphere, both regions showed significant 
valence effects (Fs(1,64) = 5.87-6.08, ps = .02) and  the size of this effect did not differ across regions 
(F(1,64) < 1, p = .36), whereas for the left hemisphere, neither region showed significant valence effects 
(Fs(1,64) = .047-3.32, ps = .83-.07). These observations are consistent with the possibility that the Ce and 




significant in the Ce (ps > .05). In sum, the Ce shows elevated activation during the 
anticipation of certain outcomes and threat. We found no evidence that the magnitude of 
threat-elicited activation in the Ce is moderated by the temporal certainty of threat 
delivery or BAL.       
In the BST, the influence of threat was conditional on both Hemisphere and 
Certainty (Valence x Hemisphere: F(1,64) = 6.34, p = .01; Valence x Certainty x 
Hemisphere: F(1,64) = 6.42, p = .01). These effects were decomposed using focal 
analyses computed separately for each hemisphere. Those focused on the right BST 
revealed significantly greater activation during the anticipatory period of Threat 
compared to Safe trials (MSafe =-.013, SESafe =.012; MThreat =.026, SEThreat =.017; 
Valence: F(1,64) = 6.08, p = .02) (Figure 8). The magnitude of this valence effect was 
significantly reduced in individuals with higher BALs (rThreat-Safe = -.25, p = .05; 
Valence × BAL: F(1,64) = 4.19, p = .04) (Figure 9). This linear dose-response 
relationship remained significant after controlling for a range of potential nuisance 
variates, including mean-centered age, sex, weekly alcohol consumption, or the latency 
between the time of alcohol consumption and the beginning of the first functional scan 
(ps = .04-.05). No other omnibus effects were significant in the right BST and analyses 
focused on the left BST failed to uncover significant effects (ps > .05). Together, these 
observations indicate that activation in the right BST is elevated by threat and 
dampened by alcohol. As with the Ce, we found no evidence to suggest that the BST is 





Chapter 6: Discussion 
These results suggest that acute alcohol administration exerts a non-specific 
dampening effect for both temporally certain and uncertain threat, as indicated by 
subjective measures of fear/anxiety ratings and BOLD responses in the central 
amygdala and bed nucleus of the stria terminalis. Consistent with Grillon, Baas, Pine, et 
al. (2006), participants reported greater levels of fear/anxiety during Certain Threat as 
well as a dose-dependent reduction in threat-elicited fear/anxiety, however the 
interaction of BAL and threat-certainty was not significant for distress. 
Likewise, imaging analyses revealed that both the Ce and right BST show 
heightened BOLD response to Threat trials. Although the Ce was more sensitive to 
Certain (vs Uncertain) Threat, there were no significant differences between the Ce and 
BST for threat-certainty. Furthermore, there was a non-specific dose-dependent 
dampening of this valence effect (i.e. Threat vs Safe) by alcohol in the right BST. 
Collectively, these observations have potentially important implications for our 
understanding of fear and anxiety and may offer new insights into the stress-
dampening/anxiolytic effects of acute alcohol intoxication. First, our findings suggest 
that the Ce and BST may be more broadly alike than dissimilar during anticipation of 
threat, consistent with Shackman and Fox (2016). Both regions exhibited overall 
heightened sensitivity to threat, while the null interaction of Region × Valence × 
Certainty indicates similar responses to threat-certainty. This is a particularly 
compelling observation for several reasons—considering the use of a priori ROI’s to 
reduce bias and enhance power, as well as following a formal test procedure of the 




Moreover, as these analyses were conducted on signals extracted over the full time-
course of the countdown periods (Certain = 18s; Uncertain: M = 18 s, Range = 8 – 30 
s), these findings may also serve to clarify the distinction between threat certainty and 
threat latency, which are often confounded in threat-of-shock paradigms that alternate 
between brief cues and prolonged contexts to assess certain vs uncertain threat7.  
In contrast to psychophysiology studies of startle potentiation, our results 
indicate that alcohol-induced distress dampening is not selective for uncertain threat. 
This may be influenced by several factors—namely the inherently retrospective nature 
of subjective assessment measures, and the lengthier time-course of MTC task trials and 
regional BOLD responses. Indeed, while substantial evidence suggests the amygdala is 
a critical mediator for defensive response mobilization as indexed by startle potentiation 
(Buchanan, Tranel, & Adolphs, 2004; Davis, 2000; Funayama, Grillon, Davis, & 
Phelps, 2001), several imaging studies have failed to associate startle potentiation with 
BOLD response in this region during various acute (e.g. aversive images) and uncertain 
threat-of-shock paradigms (Gorka, Lieberman, Shankman, & Phan, 2017; Wendt, 
Lotze, Weike, Hosten, & Hamm, 2008). Thus, while it is certainly well-evidenced that 
alcohol selectively dampens startle potentiation to uncertain but not certain threat, we 
did not find a similar pattern for BOLD response in the Ce or BST.  
Our findings also indicate that the influence of alcohol may be regionally 
selective within the central extended amygdala. We observed a significant interaction of 
                                                 
7 There is compelling evidence that multiple dimensions of threat—probability, imminence (i.e., physical 
distance or temporal latency), and duration—are relevant to the development of anxiety and substance 
abuse (Shackman et al., 2016). Yet, we know remarkably little about how the brain represents and 
differentially responds to them. Although important strides have been made (Shackman & Fox, 2016), 
conceptual progress has been slowed by the use of task paradigms that confound these key dimensions 
(e.g., if vs. when threat will occur; brief cues vs. prolonged contexts) or other perceptual characteristics 
(e.g., emotional faces vs. threat-of-shock). With this in mind, we developed the MTC task to assess 




Valence × Region × Hemisphere × BAL, such that only the right BST showed evidence 
of dose-dependent reductions in threat-elicited activation. This raises some important 
questions regarding the potential importance of the BST as a pharmacological target for 
anxiolytic compounds, however future investigations are needed to further clarify this 
result in the context of whole-brain and behavior (see Future Challenges for more 
details). 
Conclusions 
 Here, we see that the novel MultiThreat Countdown task reliably elicits 
subjective fear/anxiety during Threat compared to Safe trials, that this is conditional on 
Certainty, and that higher blood alcohol levels are associated with a dose-dependent 
reduction in threat-elicited distress. Both a priori regions—the Ce and BST—show 
elevated BOLD response during the anticipation of threat, and we failed to find 
evidence suggesting a disproportionate sensitivity to Uncertain compared to Certain 
Threat in either region. Focal analyses further revealed that while the Ce is more 
sensitive to temporally certain (vs uncertain) threat, the right BST showed a dose-
dependent reduction of threat-elicited activation not conditional on certainty. These 
results demonstrate that mild to moderate doses of alcohol alters subjective distress and 
BOLD response in the extended amygdala during anticipation of threat, however, 
contrary to psychophysiology research, these measures do not reveal a disproportionate 
effect of alcohol on certainty during threat. Further investigation is warranted to clarify 
these differences.  
Overall, this study provides new insights into the impact of acute alcohol 




threat in humans, and underscores the value of the MultiThreat Countdown task to help 
set the stage for efforts to develop more integrative bidirectional translational models to 

































Chapter 7: Future Challenges 
 While the current study offers interesting results, a number of important 
questions about the nature of these neural mechanisms and how they relate to behavior 
remain unanswered. Here, we highlight several crucial questions and outline some 
strategies for addressing them. 
Assessing temporal dynamics of the Ce and BST by condition  
 Rodent work also motivates a hypothesis, originally proposed by Davis (1998), 
which dissociates the Ce and BST with regards to the time course of activation to 
different types of threat cue information—whereby acute/specific threat cue information 
has been shown to trigger phasic Ce activation, the BST is argued to respond for 
lengthier, sustained periods to uncertain/diffuse information. While several imaging 
studies in humans have since provided supporting evidence for Davis’ hypothesis, 
claiming transient hemodynamic responses in the dorsal amygdala in response to clear 
and imminent threat cues, such as shock or aversive images, while showing more 
persistent sustained responses in the BST during uncertain anticipation of these noxious 
stimuli (e.g. Somerville et al., 2013), many have used more traditional modeling 
methods (e.g. canonical HRFs) which do not allow for strong claims regarding specific 
temporal dynamics over time. A key challenge for future directions will be to use finite 
impulse response (FIR) or related approaches to assess temporal dynamics across the 
count-down period of our trials and quantify momentary changes in the BOLD signal, 
as in some prior work. For example, Andreatta et al. (2015) used a finite impulse 
response (FIR) approach to demonstrate sustained activation in the region of the Ce 




shocks. The design of the MTC task offers a critical opportunity to assess the temporal 
dynamics of the Ce and BST using an FIR-type approach, given the nature and duration 
of the trials. Lastly, given that many temporally protracted processes—such as those 
elicited during the countdown periods of our task—may be associated with variable 
BOLD responses that cannot be effectively captured by the canonical HRF set 
(Lindquist, Loh, Atlas, & Wager, 2009), finite impulse response (FIR) basis functions 
can serve to more effectively capture these phasic vs sustained signals. 
Investigating whole-brain effects and measures of functional connectivity 
While our ROI-based approach has a number of strengths, including enhanced 
power and reduced bias, it is not without notable limitations. First, the use of spatially 
unsmoothed data would enhance spatial resolution and strengthen our confidence that 
the signals measured in the Ce and BST do not reflect ‘roll-off’ from neighboring 
regions. Second, it is likely that fear and anxiety – and the stress dampening effects of 
alcohol – reflect the coordinated interactions of larger brain networks, not isolated brain 
regions. As such, whole-brain analyses would afford important opportunities for 
determining the consequences of alcohol on the large-scale brain networks thought to 
underlie fear and anxiety. For example, McMenamin et al. (2014) demonstrated that 
states of heightened anxiety leads to alterations in network communication between the 
BST, anterior insula (AI), and mid-cingulate cortex (MCC). From the current study, it 
would be of interest to determine whether the anxiolytic effects of alcohol impact a 






Identify regions that mediate the anxiolytic effects of alcohol 
Our conclusions reflect separate analyses of subjective distress and brain 
function however it will be important to link these measures for a more comprehensive 
understanding of brain and behavior. Thus, a key challenge for the future will be to 
develop more integrative analytic approaches (e.g. Atlas, Bolger, Lindquist, & Wager, 
2010; Lim, Padmala, & Pessoa, 2009) that can be used to directly identify brain regions 
mediating the anxiolytic effects of alcohol. As noted in Grillon, Baas, Pine, et al. 
(2006), such analyses linking subjective ratings to BOLD response may critically 
depend on the psychometric properties of the measures. To increase reliability, it will be 
useful to more frequently probe distress during the task (e.g., at the end of each trial), as 































Total sample characteristics (N=72) 
Variable Total Placebo Alcohol P-value 
Sample size (N) 72 23 49  
Age (years) 22.2 (2.12) 22.2 (1.34) 22.2(2.42) t(70) = 0.2, p = 0.9 
Gender     
    Female 53% (n=38) 48% (n=11) 55% (n=27) z = -0.6, p = 0.6 
    Male 47% (n=34) 52% (n=12) 45% (n=22)  
Current Alcohol Use     
    Mean drinks/week 7.31 (6.39) 7.0 (5.84) 7.46 (6.68) t(50) = 0.3, p = 0.8 
BAL (%)     
    Prior MRI session 0.095 (0.02) 0.002 (0.00) 0.106 (0.08) t(60) = 30, p<0.001* 
    After MRI session 0.092 (0.02) 0.00 (0.00) 0.093 (0.02) t(50) = 30, p<0.001* 
Note: Placebo and Alcohol group characteristics were tested for differences using Welch’s unpaired t-test 







Mean (SD) Fear/Anxiety Ratings in each Condition by Group 
Trial type Total  Placebo Alcohol 
Threat  2.44 (0.72) 2.68 (0.84) 2.32 (0.64) 
    Uncertain Threat (UT) 2.51 (0.91) 2.84 (0.96) 2.37 (0.88) 
    Certain Threat (CT) 2.36 (0.81) 2.53 (0.91) 2.28 (0.77) 
Safe  1.62 (0.56) 1.61 (0.52) 1.63 (0.58) 
    Uncertain Safe (US) 1.84 (0.70) 1.89 (0.74) 1.82 (0.70) 

























Figure 1. Acute alcohol intoxication disproportionately reduces responses to uncertain 
and unpredictable threat. Forest plot depicts the consequences of acute, sub-sedative 
alcohol administration (BAL Range = 0.061 – 0.1455) on startle potentiation during the 
anticipation of uncertain and certain shock delivery. On average, the anxiolytic effects 
of alcohol were three-fold greater for uncertain compared to certain threat. Uncertainty 
was manipulated using a combination of timing and probability (Moberg & Curtin, 
2009; n=64), timing (Hefner et al., 2013; n=68), probability (Hefner & Curtin, 2012; 
n=120), intensity (Bradford et al., 2013; n=89), or somatic location of shock delivery 
(Bradford et al., 2017; n=94). Effect sizes indicate the mean difference in startle 
potentiation (Δ µV) across intoxicated and sober (i.e., placebo and/or no-alcohol 
control) groups. Error bars indicate 95% confidence intervals. Figure reproduced from 

























Figure 2. The central extended amygdala helps organize defensive responses to threat. 
Simplified schematic of key inputs and outputs to the central extended amygdala 
(magenta) in humans and other primates. The central extended amygdala encompasses 
the central nucleus of the amygdala (Ce), which lies in the dorsal amygdala, and the bed 
nucleus of the stria terminalis (BST), which wraps around the anterior commissure. As 
shown by the translucent white arrow at the center of the figure, much of the sensory 
(yellow), contextual (blue), and regulatory (green) inputs to the central extended 
amygdala are indirect (i.e., poly-synaptic), and often first pass through adjacent 
amygdala nuclei before arriving at the Ce or BST. In primates, projections linking the 
Ce with the BST are predominantly from the Ce to the BST. The Ce and BST are both 
poised to orchestrate or trigger momentary negative affect via projections to 
downstream target regions (orange), such as the periaqueductal grey (PAG). Inset: 
Coronal slices depicting the relative locations of the Ce and the BST (magenta) in the 
human brain. Portions of this figure were adapted with permission from (Mai et al., 
2007). The BST region depicted in the inset is described in (Theiss, Ridgewell, 
McHugo, Heckers, & Blackford, 2017). 
 Abbreviations: Basolateral (BL), Basomedial (BM), Central (Ce), Lateral (La), and 






















Figure 3. MultiThreat Countdown Task. Effects of temporal certainty 
(Certain/Uncertain) and stimulus type (Threat/Safe) were examined in a 2 × 2 factorial 
design. During Certain trials, integers were consistently presented in consecutive order 
from 18 to 0, reliably counting down the seconds until stimulus delivery. During 
Uncertain trials, a series of different random integers were displayed every second for a 
random duration (Range = 8 – 30 s, M = 18 s). Each trial ended with a stimulus which 
was either aversive (concurrent 500ms electric shock; aversive image; and frightening 
sound) or neutral (grey screen with white fixation). Background color during the 
countdown period indicated the valence condition for stimulus type (red = adverse, blue 
= neutral; colors matched for intensity). Each trial type occurred 6 times per run and the 
length of task was approximately 10 minutes. Trial order was set using modified m-
sequences. Four times per run (once per condition), participants were asked to rate their 

















Figure 4. BAL for participants randomly assigned to the alcohol group (n=49). BAL 
was estimated using breath assays conducted immediately before and immediately after 
the imaging component of the session. Histogram depicts the mean of the two 




















Figure 5. Bed Nucleus of the Stria Terminalis (BST) and Central Nucleus of the 
Amygdala (Ce) ROIs. The derivation of the probabilistic BST mask (green) is described 
in more detail in Theiss et al. (2016) and was thresholded at 25%. The ROI mostly 
encompasses the supra-commissural BST, given the difficulty of reliably discriminating 
the borders of regions below the anterior commissure on the basis of T1-weighted MRI 
(Kruger, Shiozawa, Kreifelts, Scheffler, & Ethofer, 2015). Building on prior work by 
our group (Birn et al., 2014; Oler et al., 2012; 2016), the Ce mask (cyan) was manually 
prescribed by a trained anatomist (B.M. Nacewicz) based on the atlas of Mai and 
colleagues (Mai et al., 2007) and using a high-resolution (0.7-mm), multi-modal 
(T1w/T2w) probabilistic MRI template (Tyszka & Pauli, 2016). For illustrative 
purposes, 1-mm masks are shown. Analyses employed ROIs decimated to the 2-mm 





Figure 6. Subjective fear/anxiety ratings by condition. Error bars depict the standard 
















Figure 7. Subjective fear/anxiety ratings as a function of mean BAL and threat type. 
The dark lines represent point estimates of mean ratings from a GLM, with confidence 
envelopes of ±1 SE (translucent bands). The strip plot shows the mean BAL for all 






















Figure 8. BOLD response beta coefficients for Ce and BST by condition. Error bars 



















Figure 9. Valence effect (Threat > Safe) within Right BST as a function of mean BAL. 
The dark line represents point estimates from a GLM of the difference of beta values 
between Threat and Safe conditions, with confidence envelopes of ±1 SE (translucent 
band). The scatterplot shows observed values for all participants. The Pearson’s 





Imaging and Ratings Sample Characteristics 
Table 1b 
Imaging sample characteristics (N=67) 
Variable Total Placebo Alcohol P-value 
Sample size (N) 67 23 44  
Age (years) 22.3 (2.19)  (22.2) 1.34 (22.3) 2.54 t(65) = 0.3, p = 0.8 
Gender     
    Female 49% (n=33) 48% (n=11) 50% (n=22) z = 0.17, p = 0.9 
    Male 51% (n=34) 52% (n=12) 50% (n=22)  
Current Alcohol Use     
    Mean drinks/week 7.12 (6.33)  (6.90) 6.00  7.23 (6.57) t(45) = 0.2, p = 0.8 
BAL (%)     
    Prior MRI session 0.071 (0.09) 0.002 (0.00) 0.107 (0.09) t(44) = 7.8, p<.001* 
    After MRI session 0.061 (0.05) 0.000 (0.00) 0.092 (0.02) t(43) = 30.3, p<.001* 
Note: Group characteristics were tested for differences using Welch’s unpaired t-test to account for unequal 
variances between groups. Equality of gender proportions were testing using a binomial GLM. 
 
Table 1c 
Ratings sample characteristics (N=61) 
Variable Total Placebo Alcohol P-value 
Sample size (N) 61 19 42  
Age (years) 22.2 (2.1) 22.4 (1.38) 22.1 (2.3) t(54) = -.6, p = .5 
Gender     
    Female 56% (n=34) 53% (n=10) 57% (n=24) z = -.33, p = 0.7 
    Male 44% (n=27) 47% (n=9) 43% (n=18)  
Current Alcohol Use     
    Mean drinks/week  7.13 (6.05)  5.50 (2.92) 7.86 (6.93) t(59) = 1.9, p = 0.07 
BAL (%)     
    Prior MRI session  0.075 (0.09) 0.002 (0.00) 0.107 (.09) t(41) = 7.5, p<.001* 
    After MRI session  0.063 (0.05) 0.00 (0.00) 0.091 (.02) t(41) = 28.1, p<.001* 
Note: Group characteristics were tested for differences using Welch’s unpaired t-test to account for 
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